. QCD sum rules [9] imply the strong dominance of B decays to the narrow D * * states over those to the wide ones, while some experimental data show the opposite trend [10, 11] .
In this letter, we present the observation of B semileptonic decays into the four excited D mesons predicted by HQS and measure the B(B → D * * ℓ −ν ℓ ) branching fractions. The analysis is based on data collected with the BABAR detector [12] at the PEP-II asymmetric-energy e + e − storage rings at SLAC. The data consist of a total of 417 fb −1 recorded at the Υ (4S) resonance, corresponding to approximately 460 million BB pairs. An additional 40 fb −1 , taken at a center-of-mass (CM) energy 40 MeV below the Υ (4S) resonance, is used to study background from e + e − → ff (f = u, d, s, c, τ ) continuum events. A detailed GEANT4-based Monte Carlo (MC) simulation [13] of BB and continuum events is used to study the detector response, its acceptance, and to validate the analysis techniques. The simulation describes B → D * * ℓ −ν ℓ decays using the ISGW2 model [14] , and non-resonant B → D ( * ) πℓ −ν ℓ decays using the model of Goity and Roberts [15] .
We select semileptonic B → D * * ℓ −ν ℓ decays with ℓ = e, µ in events containing a fully reconstructed B meson (B tag ), which allows us to constrain the kinematics, reduce the combinatorial background, and determine the charge and flavor of the signal B meson. D * * mesons are reconstructed in the D ( * ) π ± decay modes and the different D * * states are identified by a fit to the invariant mass differences m(
We first reconstruct the semileptonic B decay, selecting a lepton with momentum p * ℓ in the CM frame larger than 0.6 GeV/c. We search for pairs of oppositelycharged tracks that form a vertex and remove those with an invariant mass consistent with a photon conversion or a π 0 Dalitz decay. Candidate D 0 mesons that have the correct charge correlation with the lepton are reconstructed in the
In events with multiple Dℓ
− combinations, the candidate with the best D-ℓ vertex fit is selected. Candidate D * mesons are reconstructed by combining a D candidate with a pion or a photon in the
In events with multiple D * ℓ − combinations, we choose the candidate with the smallest χ 2 based on the deviations from the nominal values of the D invariant mass and the invariant mass difference between the D * and the D, using the resolution measured in each mode.
We reconstruct B tag decays [16] in charmed hadronic modes B → DY , where Y represents a collection of hadrons, composed of n 1 π ± +n 2 K ± +n 3 K 0 S +n 4 π 0 , where n 1 + n 2 = 1, 3, 5, n 3 ≤ 2, and n 4 ≤ 2. Using D 0 (D + ) and D * 0 (D * + ) as seeds for B − (B 0 ) decays, we reconstruct about 1000 different decay chains.
The kinematic consistency of a B tag candidate with a B meson decay is evaluated using two variables: the beam-energy substituted mass m ES ≡ s/4 − |p * B | 2 , and the energy difference ∆E ≡ E * B − √ s/2. Here √ s is the total CM energy, and p * B and E * B denote the momentum and energy of the B tag candidate in the CM frame. For correctly identified B tag decays, the m ES distribution peaks at the B meson mass, while ∆E is consistent with zero. We select B tag candidates in the signal region defined as 5.27 GeV/c 2 < m ES < 5.29 GeV/c 2 , excluding those with daughter particles in common with the charm meson or the lepton from the semileptonic B decay. In the case of multiple B tag candidates in an event, we select the one with the smallest |∆E| value. The B tag and the D ( * ) ℓ candidates are required to have the correct chargeflavor correlation. We account for mixing effects in the B 0 sample as described in Ref. [17] . Cross-feed effects, i.e., B − tag (B 0 tag ) candidates erroneously reconstructed as a neutral (charged) B, are subtracted using estimates from the simulation.
We reconstruct 
fined in terms of the particle four-momenta. For correctly reconstructed signal events, the only missing particle is the neutrino, and m 2 miss peaks at zero. Other B semileptonic decays, where one particle is not reconstructed (feed-down) or is erroneously added to the charm candidate (feed-up), exhibit higher or lower values in m 2 miss [7] . In feed-down cases where both a D and a D * candidate have been reconstructed, we keep only the latter candidate.
The m 2 miss selection criteria are listed in Table I 
ℓ : the data (points with error bars) are compared to the results of the overall fit (sum of the solid distributions). The PDFs for the different fit components are stacked and shown in different colors.
function with a Gaussian, whose resolution is determined from the simulation, is used to model the D * * resonances. The D * * masses and widths are fixed to measured values [5] . We rely on the MC prediction for the shape of the combinatorial and continuum background. A nonparametric KEYS function [18] is used to model this component for the D * πℓ −ν ℓ sample, while for the Dπℓ −ν ℓ sample we use the convolution of an exponential with a Gaussian to model the tail from virtual D * mesons. The combinatorial and continuum background yields are estimated from data. We fit the hadronic B tag m ES distributions for B → D * * ℓ −ν ℓ events as described in [7] , and we obtain the number of background events from the integral of the background function in the m ES signal region. Table II summarizes the results from two fits: one in which we fit the charged and neutral B samples separately, and one in which we impose the isospin constraints
The latter fit yields a significance greater than 6 standard deviations for all four D * * states including systematic uncertainties. The results of this fit are shown in Fig. 1 .
The D * 2 contributes to both the Dπ and the D * π samples. In the nominal fit we fix the ratio
. When we allow this ratio to float we obtain 1.9 ± 0.6.
To reduce systematic uncertainties we measure the ratios of the B(B → D * * ℓ −ν ℓ ) branching fractions to the inclusive B 0 and B − semileptonic branching fractions. A sample of B → Xℓ −ν ℓ events is selected by identifying a charged lepton with p * ℓ > 0.6 GeV/c and the correct charge correlation with the B tag candidate. In the case of multiple B tag candidates in an event, we select the one reconstructed in the decay channel with the highest purity, defined as the fraction of signal events in the m ES signal region. Background components that peak in the m ES signal region include cascade B meson decays (i.e., the lepton does not come directly from the B) and hadronic decays, and are subtracted using the corresponding MC predictions.
The total yield for the inclusive B → Xℓ −ν ℓ decays is obtained from a maximum likelihood fit to the m ES distribution of the B tag candidates, as described in [7] . The fit yields 198,897 ± 1,578 events for the B − → Xℓ Table II together with the corresponding reconstruction efficiencies ǫ sig , N sl is the B → Xℓ ℓ signal yields (resulting in 5.5-17.0% relative systematic uncertainty depending on the D * * state). This uncertainty is estimated using ensembles of fits to the data in which the input parameters are varied within the known uncertainties in the PDF parameterization (0.2-8.7%), the shape and yield of the combinatorial and continuum background (0.2-10.4%), the modeling of the broad D * * states (4.5-13.8%), and the D * feed-down rate (0.5-4.0%). We check that the combinatorial and continuum background shape is well reproduced by the simulation by verifying that the MC samples of right-sign and wrong-sign D ( * ) π combinations have similar shapes, and that the wrong-sign distribution in the data agrees well with that in the simulation. We observe an excess of events in the low invariant mass difference region in the four samples that is not accounted for by the background PDF. We study B → D ( * ) nπℓ −ν ℓ (n > 1) decays, not included in our standard MC simulation, as a possible source of this excess. We use different MC models for these decays, and find that they do not account for all the observed excess. We evaluate a corresponding systematic uncertainty (0.1-3.2%), included in the yield uncertainty above. The uncertainties due to the detector simulation are determined by varying, within bounds given by data control samples, the charged track reconstruction efficiency (1.3-2.0%), the photon reconstruction efficiency (0.2-4.8%), the lepton identification efficiency (1.2-1.6%), and the reconstruction efficiency for low momentum charged (1.2%) and neutral pions (1.3%).
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